Readmissions after surgery lead to poor patient outcomes and increased costs. The Hospital Readmissions Reduction Program (HRRP) penalizes hospitals with excess readmissions after specified medical and surgical discharges.
R educing hospital readmissions is a priority for both policymakers and clinical leaders. Although some readmissions may be unavoidable, unnecessary readmissions are emblematic of poor quality [1] [2] [3] [4] [5] and are estimated to cost the Centers for Medicare & Medicaid Services (CMS) up to $17 billion annually. 4 In efforts to promote better care coordination and reduce wasteful spending, the CMS began penalizing hospitals with readmission rates greater than the national average after discharges for acute myocardial infarction, pneumonia, and congestive heart failure through the Hospital Readmissions Reduction Program (HRRP). 6 Penalties, which can be as high as 3% of Medicare payments, 7 were levied against three-quarters of hospitals in 2016, totaling more than $1.4 billion. 8 Prior studies 9, 10 have shown that the policy was successful at reducing readmissions for discharges of targeted and, to a lesser degree, nontargeted medical conditions. While the HRRP has made early inroads into reducing readmissions after medical discharges, its ability to do so for targeted surgical procedures is unclear. In 2014, the policy was expanded to include major joint surgery (elective total knee arthroplasty and total hip arthroplasty), which is common in the elderly and, at $7 billion annually, constitutes a substantial expense to Medicare. 11 However, in contrast to readmissions after medical discharges, readmissions for patients after elective surgery are more likely a consequence of procedure-related complications 12-14 as opposed to failure of care coordination. Systems-level interventions, including discharge navigators, care transition programs, and medication reconciliation by pharmacists, [15] [16] [17] that have proved effective at reducing readmissions for patients with chronic medical diseases may not be generalizable to those recovering from surgery. As such, the reasons for readmission differ from those for medical conditions, as does the degree to which they are preventable. 18, 19 For these reasons, we evaluated the association of the HRRP with readmission rates after major joint surgery. To assess possible spillover effects, we also investigated the extent to which the policy was associated with readmissions after nontargeted procedures. These nontargeted procedures are common among the elderly and are associated with a high risk of readmission. 1, 20, 21 
Methods

Study Population
We performed a retrospective cohort study of fee-for-service Medicare beneficiaries undergoing one of 5 major surgical procedures between January 1, 2006, and November 30, 2014 , using a 20% national sample. We selected the 2 major joint procedures targeted by the HRRP (total knee arthroplasty and total hip arthroplasty) and 3 nontargeted procedures (abdominal aortic aneurysm repair, colectomy, and lung resection) (eTable 1 in the Supplement). The nontargeted procedures were chosen because they are common in the elderly, costly, and associated with high readmission rates, implying that they have considerable potential to improve from systems-based efforts implemented in response to the HRRP. The use of these procedures provides insight into possible spillover effects of the policy. Coronary artery bypass graft was purposely omitted from our evaluation because it became targeted by the policy in the latter portion of our study period. We included patients 66 years or older to facilitate risk adjustment. Only those with continuous enrollment in both Medicare Part A and B from 1 year before each procedure through 30 days after the discharge were included. Patients participating in Medicare Advantage plans were excluded due to the absence of complete claims. Consistent with the policy guidelines, we further limited our study population to patients undergoing each procedure in hospitals with a minimum volume of 25 procedures annually. 6 The study protocol was judged to be exempt from approval by the institutional review board of the University of Michigan, and participant informed consent was not required.
Outcomes
Consistent with the HRRP policy, our primary outcome was hospital-level readmissions within 30 days of discharge from a procedure. We also measured hospital-level rates of observation stays to determine if potential changes in readmission resulted from greater use of this classification (ie, not penalized by the policy) as opposed to reducing overall returns to the hospital. We identified observation stays occurring within 30 days of discharge and not resulting in a subsequent admission (patients admitted after an observation stay are billed only for the admission in Medicare claims) using the center code 0762 for "observation room" revenue. 22, 23 Only the first readmission or observation stay was included in the analysis. Patients dying during the hospital stay for a procedure were censored from the readmission and observation stay calculations.
Statistical Analysis
We defined the following 3 periods coinciding with the HRRP timeline for major joint surgery: prepolicy (before the inclusion of major joint surgery as an HRRP performance measure [January 1, 2006 , to June 30, 2010 ), performance (the 3-year measurement period used to calculate initial penalties [July 1, 2010 , to June 30, 2013 ), and penalty (the period in which initial penalties were levied and during which measurement occurred for subsequent years [July 1, 2013 , to November 30, 2014 ). 6 Although the announcement to include total knee arthroplasty and total hip arthroplasty in the HRRP was not made until August 19, 2013, these procedures were included in the initial cohort of potential targets for the policy presented on September 21, 2010, to Congress. 24 For this reason, we chose to define our periods of interest to match those of the HRRP policy for major joint surgery. We calculated risk-adjusted quarterly hospital readmission and observation stay rates, consistent with the HRRP policy guidelines. First, we modeled rates for each procedure separately at the beneficiary level. To do this, we fit multivariable logistic regression models for each of our 5 procedures, adjusting for age and hierarchical condition category risk score.
25 Generalized estimating equations with robust standard errors were used to account for clustering within hospitals, which was assumed to have independent correlation.
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For each hospital, the procedure-specific quarterly observed readmission rate was divided by the predicted rate and then multiplied by the average readmission rate for all patients undergoing that procedure during the study period. Riskadjusted observation stay rates were calculated in a similar fashion. For each procedure, we calculated the changes in likelihood of readmission at the beneficiary level for the performance and penalty periods compared with the prepolicy period. We then combined procedure cohorts using a geometric mean for major joint and nontargeted procedures similar to the hospital-wide readmission rate method by the CMS 27 to produce targeted and nontargeted procedure rates. To examine trends in the quarterly hospital-level riskadjusted rates of readmission and observation stays, we used interrupted time series analysis, which allows for evaluation of specific interventions in a long-term trend. 28, 29 To test for changes in readmission and observation stay rates over time, we used the calculated risk-adjusted hospital quarterly readmission and observation rates as the outcome variables in linear regression models. We fitted linear splines for each study period (prepolicy, performance, and penalty) and compared the slopes for each procedure over time. For the combined procedure cohorts, models included interaction terms for targeted vs nontargeted procedures, each of the seasonal indicators, linear time, and linear spline variables. In addition to comparing slopes between study periods within targeted and nontargeted procedures, we also compared slopes of targeted vs nontargeted procedures within each period. All analyses were performed using statistical software (SAS, version 9.4; SAS Institute Inc). All statistical tests were 2 tailed, and the probability of type I error was set at .05.
Sensitivity Analyses
We performed several sensitivity analyses to test the stability of our results. First, we tested the association of our risk adjustment with our findings. We chose to use the hierarchical condition category risk score as our primary method of risk adjustment because this method allowed for a uniform measure across all procedures. For the sensitivity analysis, we reran our analysis using non-risk-adjusted readmission and observation rates, and we also performed comorbidity adjustment, similar to the CMS readmission measures. Because joint surgery is risk adjusted differently than other procedures, we used a procedure-specific hospital-level readmission measure 30 for joints; for the remaining procedures, we used the hospitalwide readmission measure 27 (eTables 2, 3, and 4 in the Supplement). We then removed the minimum hospital volume threshold for a given procedure and instead adjusted our models for quarterly hospital volume. Second, we combined readmission and observation stay rates and assessed for changes in the trends (eFigure 1 in the Supplement). Third, to better understand the trends in readmissions for the nontargeted conditions in the prepolicy period, we conducted our analyses separately based on surgical technique (open vs minimally invasive approaches) (eTable 5 and eFigure 2 in the Supplement). In all sensitivity analyses, the results did not differ from the findings of the primary analyses.
Results
A total of 672 135 Medicare beneficiaries treated at 2773 hospitals were included in our analysis. Patient and hospital characteristics for both targeted and nontargeted conditions are listed in Table 1 . Over the study period, there were 358 655 total knee arthroplasties, 148 250 total hip arthroplasties, 25 020 abdominal aortic aneurysm repairs, 106 088 colectomies, and 23 320 lung resections performed. For major joint surgical procedures, 50.5% were performed in the prepolicy, 32.7% in the performance, and 16.8% in the penalty periods. Similarly, for the nontargeted procedures, 55.4% were performed in the prepolicy, 31.3% in the performance, and 13.3% in the penalty periods.
We found a significant decline in the beneficiary-level riskadjusted readmission rate for all procedures in both the performance and penalty periods compared with the prepolicy period ( Table 2 ). This decline ranged from 23% to 11%, with the largest decrease over the course of the study occurring after total hip arthroplasty (absolute reduction, 0.7%; adjusted odds ratio, 0.77; 95% CI, 0.72-0.82), while colectomy had the smallest decrease (absolute reduction, 1.6%; adjusted odds ratio, 0.89; 95% CI, 0.84-0.94). Trends in risk-adjusted hospitallevel quarterly readmission rates for each procedure are shown in eFigure 3 in the Supplement.
The risk-adjusted hospital-level quarterly readmission rate declined significantly for both major joint surgery and nontargeted procedures from 2006 to 2014 ( Figure 1 ). In the prepolicy period, the readmission rate for major joint procedures was flat (slope, −0.012; 95% CI, −0.027 to 0.034). This trend changed significantly during the performance period, with readmission rates decreasing at a quarterly rate of −0.060 (95% CI, −0.079 to −0.041), leading to a difference in slopes between the 2 periods of −0.049 (95% CI, −0.079 to −0.019) (P < .002). Conversely, we noted a rapid decrease in the readmission rate for the nontargeted procedures during the prepolicy period (slope, −0.200; 95% CI, −0.240 to −0.160) that was partly explained by greater use of minimally invasive surgery, which was associated with lower rates of readmission (eTable 4 in the Supplement). Nonetheless, readmission rates plateaued during the performance period (slope, 0.008; 95% CI, −0.049 to 0.066). Again, this result represented a significant difference between the 2 periods (slope difference, 0.210; 95% CI, 0.120-0.300) (P < .001). The readmission rate decreased for both groups during the penalty period; however, the rate of decrease for both major joint surgery and nontargeted procedures was not significant compared with the performance period (difference in slope, 0.029; 95% CI, −0.033 to 0.086 and −0.100; 95% CI, −0.300 to 0.093, respectively). 
Research Original Investigation Association of the Hospital Readmissions Reduction Program With Surgical Readmissions
As shown in Figure 2 , the use of observation stays increased over the study period for major joint surgery and nontargeted procedures. Rates by procedure are shown in eFigure 4 in the Supplement. After major joint surgery, we noted significant increases in the rate of observation stays during the prepolicy (slope, 0.005; 95% CI, 0.002-0.008) and performance (slope, 0.007; 95% CI, 0.002-0.012) periods. This trend tapered during the penalty period (slope, −0.014; 95% CI −0.029 to 0.000). The change in slope was statistically significant between the performance and penalty periods (difference in slope, 0.210; 95% CI, 0.039-0.003). However, the magnitude of the absolute increase in the rate of observation stays during the performance period was much smaller (0.08%) than the decrease in the readmission rate (0.66%) after major joint surgery, meaning that the use of observation stays accounts for 11% of the decrease in readmissions. The use of observation stays increased significantly for the nontargeted procedures only during the performance period (slope, 0.023; 95% CI, 0.091-0.036).
Discussion
Readmissions decreased significantly after major joint surgery and 3 other common procedures over the course of our study. Although readmission rates were decreasing well before the introduction of the HRRP, the change for the targeted major joint surgery was subtle and not statistically significant during this time. However, coinciding with the policy, readmissions decreased rapidly for major joint surgery compared with both prepolicy rates and with the observed change in nontargeted conditions. Interventions that resulted in this significant decrease for major joint surgery targeted by the policy do not appear to have spillover effects for other procedures examined. Readmission rates for these nontargeted procedures plateaued after the introduction of the HRRP. The increased use of observation stays, perhaps a means to circumvent penalties by the policy, contributed only minimally to the decrease in readmissions after major joint surgery. The focus on readmission reduction by professional organizations and policymakers is consistent with reductions in readmission rates noted before implementation of the HRRP policy. 1, 2, 5, 31, 32 In 2011, the American College of Surgeons National Surgical Quality Improvement Program began tracking readmissions. 33 Medicare had also placed an emphasis on readmission reduction well before the introduction of the HRRP policy through the Hospital Compare program, which privately reported readmission data for select medical conditions to hospitals in 2009 and in 2010 began publicly reporting this information. 34 The broader dissemination of minimally invasive surgery resulted in significant decreases in readmission rates for the nontargeted procedures. Because these nontargeted conditions had high baseline readmission rates, they served as natural targets for readmission reduction efforts. These included both systems-based interventions and substitution of surgical technology associated with lower risk of readmissions.
We noted a sharp decline in the slope for readmission after major joint surgery coinciding with the start of the HRRP measurement period. This finding aligns well with studies 9,10,35,36 on targeted medical conditions that found similar declines. These results are not surprising in light of survey data showing that 66% of hospital leaders thought that the HRRP had a major influence on systems efforts to reduce readmissions. 37 In addition, our data are consistent with a previous study 10 on targeted medical conditions showing that hospitals concentrated efforts to reduce readmissions for targeted conditions in response to the threat of penalties because hospitals penalized under the policy decreased readmissions significantly more for targeted conditions than for nontargeted ones. The difference in the readmission trends between major joint surgery and nontargeted procedures in our study supports the notion that hospitals responded to the threat of financial penalties and diverted resources to prevention of readmission after targeted major joint and medical conditions at the expense of efforts directed toward procedures traditionally with much higher rates (ie, nontargeted procedures). An alternative explanation would be that readmissions after the nontargeted procedures reached a "floor rate." However, the abrupt, opposing trends for targeted and nontargeted surgery at the start of the HRRP measurement period is more consistent with a shift in priorities rather than a tapering effectiveness of previous efforts, which would be expected to be gradual. The beneficial association of the HRRP with targeted procedures and the absence of spillover effects for the nontargeted procedures are contrary to the policy associations noted previously after medical discharges. 9, 10, 36 Prior analyses of the HRRP relative to medical conditions found less pronounced but commensurate changes in readmission trends for the nontargeted conditions. 9,10,36 This spillover benefit was absent for surgical conditions in which readmission rates for our nontargeted procedures largely plateaued. This finding points to the marked heterogeneity of the surgical population both in terms of baseline function (patients undergoing the nontargeted procedures were older, with more comorbidities) and postoperative needs. In further contrast to medical conditions, readmissions after surgery are likely to result from novel, acute complications as opposed to exacerbations of chronic conditions. These complications are specific to each surgery and differ widely between procedures. [38] [39] [40] [41] As such, broad systemslevel interventions designed to reduce interventions in medical patients may be less effective in a surgical population, and the benefits of procedure-specific interventions may be less transferrable across surgical procedures. The trends in readmissions were only minimally affected by the increased use of observation stays. In this study, we confirm that previously reported increases in the use of observation stays also extend to surgical patients. 9, 23, 42 We noted a significant increase in the rate of observation stays both in the prepolicy and performance periods, but there were no differences in this rate coinciding with the HRRP policy time frame. This finding likely represents a continuation of the secular trend to capitalize on better value (similar care at lower cost) of observation stays for some complications rather than a response by hospitals to divert potential readmissions and is in keeping with earlier studies. ) implemented over a similar time frame. However, we noted significant changes in trends coinciding with specific dates in the implementation of the HRRP for both targeted and nontargeted procedures, making other explanations for our findings less likely. Second, it is possible that readmission reduction efforts were already under way before the start of the performance period for surgical conditions, thus tempering the observed association; however, this outcome is unlikely. The measurement period for targeted surgical conditions began only 4 months after initial announcement of the HRRP. The implementation of any substantial readmission reduction efforts in this short time frame is doubtful. In addition, there was no significant difference in readmissions for targeted procedures before the introduction of the HRRP. Third, because the addition of major joint surgery was not announced until 2013 (2 years after the announcement of the 3 initial medical conditions), it is possible that spillover benefits from efforts targeting medical conditions accounted for some of the observed association with surgical procedures. However, in the absence of targeted efforts by hospitals to reduce readmissions after major joint surgery, we would expect a similar magnitude in spillover effects for our targeted and nontargeted procedures. The contrast in trends between these 2 groups suggests that hospitals were anticipating the inclusion of major joint surgery to the policy-directed readmission reduction efforts accordingly. Fourth, because our models parallel the CMS readmission models, it is possible that the omission of some clinical and demographic information may have led to omitted variable bias: that is, patients undergoing elective surgery during the performance period may have had lower risk of readmission, which is not entirely accounted for by the risk adjustment ("cherry picking"). However, this is unlikely because the number of total knee arthroplasties and total hip arthroplasties increased during each year of the policy. Fifth, our analysis represents the early results of the HRRP on surgical procedures. Because the first set of penalties for major joint surgery was levied near the end of our study period, it is possible that the trends in readmissions may have been altered as hospitals actually experienced the financial ramifications of these penalties. Despite this early time frame and similar to the evaluation of medical conditions, 9,10 we found that the greatest changes in the readmission rates occurred during the performance period, with diminished association afterward, suggesting possible limitations in the capacity of hospitals to further decrease readmissions with current approaches. Despite these limitations, our findings have significant implications. To our knowledge, this study is the first analysis to demonstrate the ability of the HRRP to reduce readmissions after targeted surgical procedures. This study confirms the ability of policies leveraging financial penalties to drive clinical changes in a surgical population. Similar to previous work, 9, 10 we noted muted associations with the policy over time, raising questions of whether basal rates of readmissions have been reached and if continued financial pressures can remain effective drivers of change. Contrary to what was noted for medical conditions, 9,10 we found no spillover benefit in readmission reduction for the nontargeted procedures. To maximize the benefit of this policy, it is necessary to cultivate greater understanding of factors that drove down readmission in targeted procedures and to develop strategies to scale these interventions across all surgical patients. Finally, the number of truly preventable readmissions after surgical procedures may differ significantly from those of medical conditions. Early recognition of complications and readmission, thus limiting further clinical deterioration, may lead to both improved outcomes and decreased costs.
Conclusions
The readmission rate for major joint surgery targeted by the HRRP decreased significantly over the study period, with the largest changes coinciding with policy landmarks. While both targeted and nontargeted procedures experienced a significant reduction in readmissions, there was a lack of spillover benefit of the policy to the nontargeted procedures. The increased use of observation stays had a minimal association with the readmission trends. A better understanding of differences in the association of the HRRP with medical and surgical discharges will be necessary to further enhance its associations and generalizability. 38.34; 38.44; 38.64, 39.71; 39.78 Colectomy 45.7; 45.71; 45.72; 45.73; 45.74; 45.75; 45.76; 45.79; 17.31; 17.32; 17.33; 17.34; 17.35; 17.36; 17.39; 45.81 Lung Resection 32.21; 32.22; 32.29; 32.39; 32.49; 32.59; 32.9; 32.20; 32.30; 32.41; 32.50;  
